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(57) ABSTRACT

A conductive terminal assembly of an electrical connector is
disclosed having a terminal aligning plate and four pairs of
differential signal terminals. The terminal aligning plate
made of a dielectric material. The four pairs of differential
signal terminals are arranged in two columns in an array on
the terminal aligning plate. Each terminal has a terminating
end, a contacting end, and a terminal body. The terminal
body extends between the terminating end and the contact-
ing end. The terminal bodies of two first terminals in the
same column, which are longitudinally adjacent to each
other and have opposite polarities, are offset transversely.
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ELECTRICAL CONNECTOR AND
CONDUCTIVE TERMINAL ASSEMBLY
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of PCT International
Application No. PCT/IB2013/056437 filed Aug. 6, 2013,
which claims priority under 35 U.S.C. §119 to Chinese
Patent application No. 201210279536.2, filed Aug. 7, 2012.

FIELD OF THE INVENTION

The invention is generally related to a high-speed elec-
trical connector, and more specifically, to a low-crosstalk
high-speed electrical connector having conductive terminal
assembly with electrical compensation.

BACKGROUND

The field of high-speed data transmission imposes higher
and higher requirements for electrical performance of an
electrical connector. The electrical connector must reliably
transmit data signal and ensure signal integrity, and as the
size of the electrical connector increasingly becomes more
compact, a plurality of terminals positioned in the electrical
connectors are increasingly arranged at a higher densities.
Since the space between signal terminals gets smaller, signal
interference (“crosstalk™) will occur between signal terminal
pairs, particularly between adjacent differential signal ter-
minal pairs. Such signal interference negatively affects the
signal integrity of the whole signal transmission system.

In FIG. 1, a conventional electrical connector is shown
where a signal is first transmitted through a first terminal
100" to an internal PCB 200', and the signal, after being
optimized and compensated by a circuit on the PCB 200, is
transmitted to a client PCB (not shown) via a second
terminal 300'.

During the process of transmitting the signal, many signal
transmission converting steps are performed, all of which
cumulatively have a negative effect on signal integrity, such
as insertion loss, loop loss, near-end crosstalk and the like.
Additionally, since the conventional electrical connector
integrates two PCBs through which the signal is compen-
sated, the conventional electrical connector is complicated
in structure, large is size, and has high manufacturing costs.

There is a need to a high speed electrical connector that
reliably transmits data signal with high signal integrity, but
has a small form factor, and of which can be economically
produced.

SUMMARY

A conductive terminal assembly of an electrical connector
has a terminal aligning plate and four pairs of differential
signal terminals. The terminal aligning plate made of a
dielectric material. The four pairs of differential signal
terminals are arranged in two columns in an array on the
terminal aligning plate. Each terminal has a terminating end,
a contacting end, and a terminal body. The terminal body
extends between the terminating end and the contacting end.
The terminal bodies of two first terminals in the same
column, which are longitudinally adjacent to each other and
have opposite polarities, are offset transversely.

BRIEF DESCRIPTION OF DRAWINGS

The invention will now be described by way of example,
with reference to the accompanying Figures, of which:
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FIG. 1 is a perspective view of a conventional electrical
connector;

FIG. 2 is a perspective view of a conductive terminal
assembly having a terminal aligning plate removed;

FIG. 3 is a perspective view of the conductive terminal
assembly shown in FIG. 2;

FIG. 4 is a top view of the conductive terminal assembly
of FIG. 2;

FIG. 5 is a side view of the conductive terminal assembly
of FIG. 2;

FIG. 6 is a sectional view of a terminal body of the
conductive terminal assembly of FIG. 2 in a horizontal
direction;

FIG. 7 is a sectional view of a terminating end of the
conductive terminal assembly of FIG. 2 in a vertical direc-
tion;

FIG. 8 is an exploded view of an electrical connector;

FIG. 9 is a perspective view of the electrical connector of
FIG. 8 with two groups of conductive terminal assemblies as
shown in FIG. 2;

FIG. 10A is a graph showing simulated electrical connec-
tor insertion loss for the electrical connector shown in FIGS.
8-9;

FIG. 10B is a graph showing simulated electrical connec-
tor echo loss for the electrical connector shown in FIGS. 8-9;

FIG. 10C is a graph showing simulated electrical connec-
tor near-end crosstalk for the electrical connector shown in
FIGS. 8-9;

FIG. 10D is a graph showing simulated electrical con-
nector far-end crosstalk for the electrical connector shown in
FIGS. 8 t0 9;

FIG. 11 is a perspective view of the conductive terminal
assembly.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

According to requirements, specific embodiments of the
present invention will be revealed herein. However, those of
ordinary skill in the art would appreciate that the embodi-
ments revealed herein are only exemplary examples and the
present invention may take various forms. Hence, specific
details revealed herein are not regarded as limiting the
present invention, but only regarded as a basis of claims and
a basis for teaching those skilled in the art to apply the
present invention differently in any appropriate mode,
including employment of various features disclosed and
combination of features that might not be explicitly dis-
closed.

The term “alignment area” used in this invention means
an area where the terminal bodies or the terminating ends of
two terminals face each other in longitudinal direction.

In an embodiment of FIG. 2, a conductive terminal
assembly 10 has had a terminal aligning plate 9 has been
removed to clearly show the structure and arrangement of
the conductive terminals. The conductive terminal assembly
10 includes four differential signal terminal pairs A-D,
including eight terminals 1-8 in total. Each terminal 1-8
includes a terminating end 11 for contacting and connecting
each terminal 1-8 to a circuit board, a contacting end 12 for
mating with a complimentary mating connector (not shown),
and a terminal body 13 extending between the terminating
end 11 and the contacting end 12. The four differential signal
terminal pairs A-D are arranged in an array on a terminal
aligning plate 9 (see FIG. 8). The terminal aligning plate 9
is made of a dielectric material and used to hold and align
the differential signal terminals 1-8 thereon. In an embodi-
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ment, the contacting end 12 is connected to the circuit board
by soldering, although other connecting mechanisms known
to those of ordinary skill in the art would also apply.

In the embodiments of FIGS. 2-7, the terminal assembly
10 includes a terminal array having two columns in total, a
first column including differential signal terminal pairs A
and B, and a second column including differential signal
terminal pairs C and D, wherein the differential signal
terminal pairs A and C are positioned together in row and
differential signal terminal pairs B and D are positioned
together in the same row. Since crosstalk is primarily
introduced via a structure on a plug side and the shape of the
terminals on the plug side cannot be modified, only termi-
nals on a Jack side can be modified to enhance signal-end
coupling for purposes of electrical compensation. In an
embodiment, terminal enhancing single-end coupling is
achieved by increasing the alignment area, such that: termi-
nals 1 and 3, terminals 2 and 4, terminals 5 and 7, terminals
6-8; terminals 2 and 5, terminals 4 and 7; terminals 2 and 7,
wherein terminals 1 and 3, terminals 6 and 8, terminals 2 and
5, terminals 4 and 7 and terminals 2 and 7. The alignment
area is increased by widening the terminal bodies 13 of these
terminals in the horizontal direction respectively, whereas
terminals 2 and 4 and 5 and 7 achieve an increase of the
alignment area by widening the terminal bodies 13 of these
terminals in the horizontal direction, and by widening the
terminating ends 11 of these terminals in the vertical direc-
tion, respectively.

In an embodiment, to reduce undesired single-end cou-
pling, terminal bodies 13 of terminals 2 and 3 in the same
column, which are longitudinally adjacent to each other and
have opposite polarities, are offset transversely to eliminate
the alignment area and thereby to reduce the single-end
coupling so that electrical “balance” of the differential signal
terminal pairs A and B can be improved. Similarly, terminal
bodies 13 of terminals 6 and 7 in the same column, which
are longitudinally adjacent to each other and have opposite
polarities, are offset transversely to eliminate the alignment
area and thereby to reduce the single-end coupling so that
electrical “balance” of the differential signal terminal pairs
C and D can be improved.

Examples of near-end crosstalk between the differential
signal terminal pair A and differential signal terminal pair B
in the same column, near-end crosstalk between the differ-
ential signal terminal pair A and differential signal terminal
pair C in the same line, and near-end crosstalk between the
differential signal terminal pair A and the differential signal
terminal pair D in diagonal direction will now be discussed.

First, the near-end crosstalk (NEXT for short) between the
differential signal terminal pair A and the differential signal
terminal pair B is discussed as an example,
NEXT_AB=1-+3+2—>4-2—»3-1—4. The desired single-
end coupling is enhanced and undesired single-end coupling
is weakened by widening the horizontal terminal bodies of
the terminals 1, 3 and by simultaneously widening the
horizontal terminal bodies and vertical terminating ends of
the terminals 2, 4 and by offsetting the terminals 2 and 3
transversely. By transversely offsetting the terminals 2, 3,
the alignment area thereof is eliminated and the single-end
crosstalk of 2—3 is decreased. By widening terminals 1, 3
in the horizontal direction and widening terminals 2, 4 both
in the horizontal and vertical directions, the sum of the
single-end crosstalk of 1—3 and the single-end crosstalk of
2—4 is increased. As a result, crosstalk between the differ-
ential signal terminal pairs A and B is reduced.

By widening terminals 2, 4 both in the horizontal and
vertical directions, the limited space available is efficiently
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used, and the terminals 2 and 4 located inside of the column
are prevented from occupying excessive in the horizontal
direction.

Next, the near-end crosstalk between the differential sig-
nal terminal pair A and the differential signal terminal pair
C is discussed as an example, NEXT_AC =1—-5+2—6-
2—5-1—6. Since edge-to-edge coupling is performed
between terminals 1—5 and terminals 2—6, the single-end
crosstalk is relatively small. Since terminals 1 and 6 are
positioned at a relatively large distance from each other, the
single-end cross talk between terminals 1—6 is very small
and not sufficient to offset a sum of the single-end crosstalk
between terminals 1—5 and the single-end crosstalk
between terminals 2—6. Furthermore, the coupling between
terminals 1—=6 cannot be effectively increased because the
two terminals are spaced the large distance apart, and the
alignment area cannot be increased. Therefore, in order to
reduce NEXT_AC, the single-end coupling between termi-
nals 2—5 needs to be increased appropriately to offset the
sum of the single-end crosstalk between terminals 1—5 and
the single-end crosstalk between terminals 2—6. By increas-
ing the alignment area of the terminals 2 and 5, the single-
end crosstalk of terminals 2 and 5 is enhanced.

When the differential signal terminal pairs in the column
direction are improved in the manner described above,
where the crosstalk between the differential signal terminal
pairs in the column direction is critical, the terminal 2 has
been widened so that the coupling between the terminals 2
and 5 is too large for the terminal pairs A and C. Therefore,
in between terminal pairs A and C, the alignment area
between terminals 2 and 5 need to be reduced to achieve a
reduction in the single-end coupling between terminals
2—5, so that the edge-to-edge coupling between terminals
1—5 and between terminals 2—6 suffices to offset the
single-end coupling between terminals 2—5. However, the
alignment area between terminals 2 and 5 cannot be reduced
infinitely, otherwise the crosstalk between terminals 2—5
would become too small to balance the near-end crosstalk
between the differential signal terminal pair A and differen-
tial signal terminal pair C.

Conventionally the terminal 2 from the differential signal
terminal pair A and the terminal 5 from the differential signal
terminal pair C would not have an alignment area. However,
in an embodiment, in order to balance the edge-to-edge
coupling between terminals 1, 5 and between terminals 2, 6,
the terminals 2 and 5 generally have the alignment area and
produce the single-end coupling so as to counteract the
above edge-to-edge coupling. In situations where the cross-
talk between the differential signal terminal pairs in the
column direction is critical, as discussed above, the termi-
nals 2 and 4, 5 and 7 have horizontal terminal bodies 13 and
vertical terminating ends 11 that are widened. Therefore,
generally to achieve electrical balance between differential
signal terminal pairs A and C in the transverse line, the
alignment area of terminals 2 and 5 is maintained at a
reasonable level: if the widening in the horizontal and
vertical directions is too large, the horizontal widening of
terminals 2 and 5 needs to be reduced appropriately; if the
widening in the horizontal and vertical directions makes the
alignment area of terminals 2 and 5 insufficient, the widen-
ing needs to be increased appropriately.

Likewise, the above applies to the situation between
terminal pairs B and D (NEXT_BD=3—+7+4—8-3—8-
4—7). The alignment area of the terminals 4-7 needs to be
increased in order to increase the single-end crosstalk of
terminals 4 and 7.
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The near-end crosstalk between the differential signal
terminal pair A and the differential signal terminal pair D in
the diagonal direction is discussed as an example: NEX-
T_AD=1—-7+2—>8-2—7-1—8. Since terminals 1 and 7 and
terminals 2 and 8 are positioned apart at a relatively far
distance from each other, the single-end crosstalk of 1—7
and 2—8 is relatively small. Further, the terminals 1 and 8
are spaced too far apart from each other, so the single-end
crosstalk of 1—=8 is also very small. To achieve balance
between near-end crosstalk of terminal pairs B and C, there
is a need to enhance the single-end crosstalk between the
terminals 2 and 7, and therefore there is a need to allow for
a certain alignment area between the terminals 2 and 7 to
adequately offset the sum of the single-end crosstalk
between the terminals 1, 7 and the single-end crosstalk
between the terminals 2, 8.

Since the near-end crosstalk between the differential sig-
nal terminal pairs B, C is very small, no discussion has been
provided.

To maintain the electrical balance on the above-men-
tioned columns, namely, terminal pairs A and B, and termi-
nal pairs C and D, the terminals 2 and 7 are widened in both
the horizontal direction and the vertical direction. Specifi-
cally, terminal 2 is widened to increase the coupling with the
terminal 4, and terminal 7 is widened to increase the
coupling with the terminal 5. As such crosstalk is reduced
between terminal pairs A and B and crosstalk between
terminal pairs C and D. If widening of the terminals 2 and
7 on the diagonal line in both directions, for the sake of
electrical balance of terminal pairs in the columns, causes
the alignment area thereof to become too large, the crosstalk
between the differential terminal pairs A and D on the
diagonal line becomes unbalanced, and correspondingly the
alignment area between the terminals 2 and 7 needs to be
reduced. Thereby crosstalk between 2—7 would need to be
reduced. However, the alignment area between the terminals
2 and 7 cannot be reduced infinitely; otherwise crosstalk
between 2—7 becomes too small and insufficient to coun-
teract the single-end crosstalk between terminals 1—7 and
2—8.

As described above, reduction of differential crosstalk can
be achieved by appropriately balancing the single-end cross-
talk according to the above calculation formula of differen-
tial crosstalk in combination with a definition and geometri-
cal structure of the terminal. While the undesired single-end
crosstalk is reduced by offsetting some terminals (reducing
the alignment area), and on the other hand, the desired
single-end crosstalk is increased by widening the terminal
bodies and terminating ends of the terminals to increase the
alignment area). The purpose of widening some terminals,
for example, terminals 2 and 4 and terminals 5 and 7, in both
the horizontal direction and the vertical direction, namely,
widening both the terminal bodies as well as the terminating
ends, is to address the need for the assembly 10 to occupy
a compact space. In an embodiment, if the desired space is
limited, widening may be performed solely in the horizontal
direction.

In the above described embodiments, integration of the
PCB is has been eliminated and a conductive terminal
assembly 10 is disclosed having the client-desired electrical
performance in a smaller volume. Furthermore, the above
described embodiments are low in manufacturing costs,
having a relatively simple structure, and may substantially
improve production efficiency and reduce an unqualified
product rate. Additionally, the conductive terminal assembly
10 is smaller and more space-saving than conventional
designs.
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In the embodiments of FIGS. 8-9, an electrical connector
has a shielding housing 30, an insulating body 20 and two
conductive terminal assemblies 10 positioned in the insu-
lating body 20.

FIG. 10A is a graph showing electrical connector inser-
tion loss obtained through simulation, wherein a thick solid
line in the left lower side represents insertion loss of a
TIA-568-C.2 Cat Se connector, and lines in the right upper
side represent electrical connector insertion loss obtained by
simulating the electrical connector having the conductive
terminal assemblies 10. The insertion loss of the electrical
connector is far lower than insertion loss value of the
TIA-568-C.2 Cat Se Standard.

FIG. 10B is a graph showing electrical connector echo
loss obtained through simulation, wherein the uppermost
thick solid line represents echo loss of the TIA-568-C.2 Cat
Se connector, and the several lines below the thick solid line
represent electrical connector echo loss obtained by simu-
lating the electrical connector having the conductive termi-
nal assemblies 10. The echo loss of the electrical connector
is far lower than an echo loss value of the TIA-568-C.2 Cat
Se Standard.

FIG. 10C is a graph showing electrical connector near-end
crosstalk obtained through simulation, wherein the upper-
most thick solid line represents the near-end crosstalk of the
TIA-568-C.2 Cat 5e connector, and several lines below the
thick solid line represent electrical connector near-end cross-
talk obtained by simulating the electrical connector having
the conductive terminal assemblies 10. The near-end cross-
talk of the electrical connector is far lower than a near-end
crosstalk value of the TIA-568-C.2 Cat 5Se Standard, with 4
dB margin.

FIG. 10D is a graph showing electrical connector far-end
crosstalk obtained through simulation, wherein the upper-
most thick solid line represents the far-end crosstalk of the
TIA-568-C.2 Cat 5e connector, and several lines below the
thick solid line represent connector far-end crosstalk
obtained by simulating the electrical connector having the
conductive terminal assemblies 10. The far-end crosstalk of
the electrical connector is far lower than a far-end crosstalk
value of the TIA-568-C.2 Cat Se Standard.

Consequently, from FIGS. 10A-10D, one of ordinary skill
in the art would appreciate that the electrical connector
having the conductive terminal assemblies 10 meets the
requirements regarding CAT Se in US Telecommunications
Industry Association standard (Balanced Twisted-Pair Tele-
communications Cabling and Components Standards, with
serial number TIA-568-C.2), and has a sufficient margin of
4 dB.

Although electrical balance, as described in the above
embodiments of FIGS. 2-7, achieved through widening and
offsetting the terminals, one of ordinary skill in the art would
appreciate that if the space available is large enough, the
undesired single-end coupling may be reduced, and thereby
the differential crosstalk may be reduced, only by directly
offsetting terminals that need an increase the single-end
coupling. If the space available is relatively small, but not as
small as the space described in the above embodiments, only
the terminal bodies 13 are widened for terminals that need
an increase the single-end coupling, without simultaneously
offsetting terminals which do not need an increase the
single-end coupling (see FIG. 11), because the alignment
area of these terminals is within a controllable scope since
the available space is sufficient. Such changes are permitted
within the scope of the invention, so long as the changes can
still meet the requirements of CAT Se.
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By improving the structure and/or arrangement of con-
ductive terminal assemblies 10 in an electrical connector, the
present invention enhances desired single-end coupling
between terminals and/or reduce undesired single-end cou-
pling between terminals to make the differential signal
terminal pairs electrically more “balanced”. Differential
crosstalk introduced at a mating plug connector and in a
mating area of the plug connector and the receptacle con-
nector is counteracted without changing the structure of the
mating plug connector and the mating area of terminals of
the electrical connector. Additionally, the small form factor
of the electrical connector is maintained.

One of ordinary skill in the art would appreciate that
variations and improvements to the above shapes and
arrangements may be made, including combinations of
technical features revealed or protected individually here,
and including other combinations of these features. These
variations and/or combinations all fall within the technical
field to which the present invention relates and fall within
the protection scope of claims of the present invention. Any
reference sign in claims shall not be construed as limiting the
scope of the present invention.

What is claimed is:
1. A conductive terminal assembly of an electrical con-
nector, comprising:
a terminal alignment plate made of a dielectric material;
and
four pairs of differential signal terminals arranged in two
columns in an array on the terminal alignment plate,
each terminal having
a terminating end,
a contacting end arranged in one of the two columns,
and
a terminal body extending between the terminating end
and the contacting end;
wherein adjacent terminal bodies of the four pairs of
differential signal terminals arranged in one of the two
columns are transversely offset from each other and one
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of the adjacent terminal bodies is wider than the other
of the adjacent terminal bodies.

2. The conductive terminal assembly of claim 1, wherein
the adjacent terminal bodies positioned in the one of the two
columns do not overlap.

3. The conductive terminal assembly of claim 2, wherein
lengths of the terminating end of adjacent terminal bodies
positioned in the one of the two columns are different from
eachother.

4. A conductive terminal assembly of an electrical con-
nector, comprising:

a terminal alignment plate; and

four pairs of differential signal terminals arranged in two

columns in an array on the terminal alignment plate,

each terminal having

a terminating end,

a contacting end positioned in one of the two columns
of the array, and

a terminal body extending between the terminating end
and the contacting end;

wherein lengths of the terminating end of adjacent termi-

nal bodies positioned in the one of the two columns are
different from each other.

5. An electrical connector comprising:

an insulating body; and

two conductive terminal assemblies positioned in the

insulating body, each assembly having:
a terminal alignment plate made of a dielectric mate-
rial;
four pairs of differential signal terminals arranged in
two columns in an array on the terminal alignment
plate, each terminal having
a terminating end,
a contacting end, and
a terminal body extending between the terminating
end and the contacting end with the terminal
bodies of two adjacent first terminals in the same
column being offset transversely.
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